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@ An electrically heatable activated carbon body 
and method of making and using the body. The 
body is composed of a non-metallic monolithic struc- 
ture having activated carbon and means for passage 
of a workstream therethrough, and conducting 
means on the structure for conducting an electric 
current therethrough. The body is used in adsorption 
and desorption applications wherein an electric cur- 
rent is passed through the structure having adsorbed 
species, to raise the temperature above the desorp- 
tion temperature of the adsorbed species, to cause 
desorption of the adsorbed species which then pass 
out of the structure. The body is preferably an ac- 
tivated carbon coated honeycomb which is fitted with 
a conducting metal. 
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This invention relates to bodies having acti- 
vated carbon for adsorption and desorption of com- 
ponents from a fluid workstream, and method of 
making and using them. 

Background of the Invention 

Activated carbon is used in gas adsorption 
applications. Once the adsorption capacity of the 
activated carbon is completely utilized the carbon 
has to be regenerated by removing or desorbing 
the adsorbed species. 

The desorption process depends on the ad- 
sorption potential for the particular species which in 
turn is determined by the size of the gas molecule, 
its polar izability as well as the mean distance be- 
tween the graphitic platelets in the activated carbon 
structure. In general, if platelet distance is more 
than 3 or 4 molecular diameters the adsorption 
potential is low and so adsorbed species can be 
desorbed easily. If the distance is less than 3 
molecular diameters the adsorption potential is 
high and the adsorbed species cannot be desorbed 
easily. 

The species which are not adsorbed strongly 
can be easily desorbed by flowing a current of air 
at low temperatures. For strongly adsorbed species 
however, the carbon has to be heated to increase 
the vapor pressure of the adsorbed gases and 
decrease the adsorption potential. A current of 
heated air or steam can be passed through the 
carbon to desorb the gases. 

Typically steam or heated air regeneration has 
to be carried out in a separate reactor. In applica- 
tions in which activated carbon has to be repeat- 
edly regenerated, frequent steam or air regenera- 
tion is expensive and inconvenient. 

Desorption has been carried out on granular 
carbon beds by passing an electric current through 
the carbon. However, there are disadvantages to 
passing an electric current through granulated car- 
bon beds. Because there is no continuous contact 
between carbon granules, that is, there are open 
channels between the granules which are neces- 
sary for the flow of gases, there is no way to have 
uniform current flow through the granules. Since 
resistance varies within the same granular bed 
along a given flow path and also from path to path, 
heating can cause hot spots and desorption can 
occur at different rates. Resistance changes as a 
function of time due to the unsymmetrical attrition 
of the granules and therefore is not uniform. As the 
temperature of the carbon increases, resistance 
decreases and uncontrolled heating can result 
which can cause fires. 

The magnitude of the electric current through 
the granular bed at a given cross section depends 
on the resistance offered by the granules in its 


path. For example, the more dense the carbon 
granules, the lower will be the resistance and 
hence the higher the current through that path for a 
given applied voltage. This type of situation will 
s lead to hot spots in the bed. 

There remains a need to have activated carbon 
adsorber in a form in which adsorbed gases can be 
easily, efficiently, safely, and economically desor- 
bed. 

10 The present invention provides such an ac- 
tivated carbon adsorber. 

Summary of the Invention 

75 In accordance with one aspect of the invention, 
there is provided an electrically heatable activated 
carbon body composed of a non-metallic mono- 
lithic structure having activated carbon and means 
for passage of a workstream therethrough, and 

20 conducting means on the structure for conducting 
an electric current therethrough. These means may 
be electrically conducting means. 

The method aspect of the invention involves 
providing the above described electrically heatable 

25 activated carbon body having adsorbed species, 
passing an electric current through the monolith 
structure to raise the temperature above the desor- 
ption temperature of the adsorbed species to cause 
desorption of the adsorbed species which then 

30 pass out of the structure. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram showing one 
35 type of body of the present invention. 

Figure 2 is a horizontal cross section of the 
body of Figure 1 . 

Figure 3 is a schematic diagram showing var- 
ious shapes of the bodies of the present invention. 
40 Figure 4 is a horizontal cross section of one of 
the bodies shown in Figure 3. 

Detailed Description of the Invention 

45 The invention comprises a monolithic structure 
which is either partially or wholly of activated car- 
bon, and means in contact with the structure for 
conducting an electric current (direct or alternating) 
through the structure. 

50 Activated carbon differs from other types of 
carbon, e.g., pyrolized carbon by having a non- 
graphitic microcrystalline form of carbon which has 
been processed to produce a carbon with high 
porosity. The pores formed in the activated carbon 

55 can be macropores (e.g.m pores and mesopores 
(e.g., pores having a diameter between about 20 
and 500 angstroms), but micropores (e.g., pores 
having a diameter less than about 20 angstroms) 
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are always present in activated carbon, which ad- 
sorb various molecules. Activated carbon is char- 
acterized by a high specific surface area (e.g., 300 
to 2500 m 2 /g) and is known for its high adsorptive 
capability. Adsorption capability of activated carbon 
is derived from the micropores which are produced 
during activation. Other forms of carbon do not 
have micropores and therefore do not have any 
adsorption capability. 

According to the present invention, advantage 
is taken of the conductive properties of carbon. 
With the passage of an electric current through the 
carbon, the carbon heats up to a predetermined 
temperature depending on the resistance of the 
body and the voltage applied. The body can be 
designed with resistance and voltage suitable for 
raising the temperature of the structure significantly 
above the desorption temperature of the adsorbed 
species. Therefore, depending on the species ad- 
sorbed, the temperature can be controlled in such 
a way as to cause desorption of the adsorbed 
species. 

The present invention overcomes the disadvan- 
tages of carbon in the form of loose granules 
where as explained before, current can be un- 
predictable and irregular causing uneven heating. 
Having the activated carbon in the form of a mono- 
lithic or unitary cohesive structure according to the 
present invention affords the advantage of conduct- 
ing an electric current predictably and uniformly 
therethrough, thereby extending the life of the 
body. 

The monolithic structure according to this in- 
vention which can also be referred to as an ac- 
tivated carbon structure, can be in the form of an 
activated carbon coated non-conductive inorganic 
unitary substrate. Or it can be a unitary structure 
shaped entirely of activated carbon. The monolith 
has means for passage of a workstream through 
the body, e.g., a network of pores communicating 
from the outside to the inside, and/or thru channels 
extending from one end of the monolith to the 
other for passage of the workstream into one end 
and out through the other end. 

In activated carbon coated substrates, the in- 
organic substrate has an outer surface from which 
pores extend into the substrate. The coating pene- 
trates into and is distributed substantially through- 
out the pores of the inorganic substrate. The car- 
bon in the pores is believed to form a coating on 
the walls of the pores, and as a result a workstream 
comes in contact with the activated carbon for 
adsorption of species carried in the workstream. 

The substrate of the present invention can be 
made from any known non-electrically conducting 
inorganic material, and made by known process. 

The only requirements are that the substrate 
have enough strength to function in the application, 


and have pores extending from its outer surface 
and be capable of withstanding the heat-treating 
temperatures seen in forming the activated carbon 
coating. 

5 For example, in the case of particulate carbon- 

binder coatings, the substrate must have sufficient 
strength to withstand heat-treating temperatures. In 
the case of carbon precursors, the substrate must 
have strength to withstand carbonizing and activat- 

w ing temperatures. 

It is desirable that the overall open porosity of 
the substrate be at least about 10%, preferably 
greater than about 25% and most preferably great- 
er than about 40%. For most purposes, the desir- 

75 able range of porosity is about 45% to about 55%. 
Preferably the pores of the substrate material cre- 
ate "interconnecting porosity" which is character- 
ized by pores which connect into and/or intersect 
other pores to create a tortuous network of porosity 

20 within the substrate. 

Suitable porous substrate materials include ce- 
ramic, glass ceramic, glass, and combinations 
thereof. By combinations is meant physical or 
chemical combinations, eg., mixtures, compounds, 

25 or composites. 

Some materials that are especially suited to 
the practice of the present invention, although it is 
to be understood that the invention is not limited to 
such, are those made of cordierite, mullite, clay, 

30 talc, zircon, zirconia, zirconates, zirconia-spinel, 
magnesium alumino-silicates, spinel, alumina, sili- 
ca, silicates, borides, alumino-silicates, eg., por- 
celains, lithium aluminosilicates, alumina silica, 
feldspar, titania, fused silica, nitrides, borides, car- 

35 bides, eg., silicon carbide, silicon nitride or mix- 
tures of these. Cordierite is preferred because its 
coefficient of thermal expansion is comparable to 
that of carbon, increasing the stability of the ac- 
tivated carbon body. Some typical ceramic sub- 

40 strates are disclosed in U.S. Patents 4,127,691 and 
3,885,977. 

The substrate can take any known form includ- 
ing eg., tubes, foams, multicellular bodies or 
honeycombs. Typically, the substrate has open- 

45 ended channels for passage of a workstream in 
and out of the body. The substrate is preferably a 
honeycomb having a matrix of thin walls which 
form a multiplicity of open-ended cells extending 
between the ends of the honeycomb. 

50 Some examples of honeycombs produced by 

the process of the present invention, although it is 
to be understood that the invention is not limited to 
these, are those having about 172 cells/cm 2 (1100 
cells/in 2 ), about 94 cells/cm 2 (600 cells/in 2 ), about 

55 62 cells/cm 2 (400 cells/in 2 ), or about 47 cells/cm 2 
(300 cells/in 2 ), those having about 31 cells/cm 2 
(200 cells/in 2 ), or about 15 cells/cm 2 (100 cells/in 2 ), 
or about 2.5 cells/cm 2 , (16 cells/in 2 ) or about 1.5 
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cells/cm 2 (9 cells/in 2 ). 

Wall (web) thicknesses range typically from 
about 0.1 to about 1.3 mm (about 4 to about 50 
mils) for most applications and it is to be under- 
stood that the invention is not limited to these 
dimensions. The external size and shape of the 
body is controlled by the application and is not 
limited to those described above. For example, 
other combinations of cell densities and wall thic- 
knesses can be made. 

Cordierite honeycombs are especially preferred 
as substrates for the activated carbon. 

Preferably, the carbon coating is applied by 
contacting the substrate with a carbon precursor 
which is cured and carbonized, followed by activa- 
tion of the carbon. The carbon precursor liquid 
penetrates into the interconnecting porosity of the 
substrate. 

By carbon precursor is meant a carbon-con- 
taining substance that converts to continuous struc- 
ture carbon on heating. For purposes of this inven- 
tion, a carbon precursor is in the form of a solution 
or liquid at ambient temperatures or capable of 
being liquified by heating or other means, and 
suitable for penetrating through to the porosity of 
the substrate. 

This type of coating is preferred because as a 
result of curing, carbonizing and activating, the 
carbon atoms are arranged in a continuous uninter- 
rupted structure of random three dimensional 
graphitic platelets. The platelets have angstrom siz- 
ed pores typically about 5 to about 50 angstroms 
for adsorption as distinguished from micron-size 
pores. Pores in several hundred micron size range 
can be present in the body, but they do not contri- 
bute to adsorption capacity. Upon curing and car- 
bonizing, a coating is produced that is physically 
interlocked within the interconnecting porosity of 
the substrate. 

One preferred body of this type is described in 
European Patent publication EP0608.539. 

Carbon precursors useful in this embodiment 
of the present invention include any liquid or liq- 
uefiable carbonaceous substance. Examples of 
useful carbon precursors include thermoplastic res- 
ins (e.g., polyvinylidene chloride, polyvinyl chloride, 
polyvinyl alcohol, and the like), sugar solutions, 
furfuryl alcohol, and coal tar pitch. 

Low viscosity carbon precursors (e.g., ther- 
moset resins) are preferred because their low vis- 
cosity allows greater penetration of the carbon pre- 
cursor into porous inorganic substrates. Phenolic 
resins are most preferred due to their low viscosity, 
high carbon yield, high degree of cross-linking 
upon curing relative to other precursors, and low 
cost. The carbon precursor liquid used in the 
present method can include a single precursor 
material or a mixture of two or more precursor 


materials. Optionally, activated carbon can be ad- 
ded to the carbon precursor liquid to increase the 
adsorptive capability of the activated carbon struc- 
ture. 

s The contacting is done by any method suitable 

to bring the carbon precursor in intimate contact 
with the inorganic substrate. Exemplary methods of 
contacting include dipping the substrate in the pre- 
cursor solution (or liquid) or spraying the precursor 

10 solution (or liquid) directly on the substrate. 

The eventual quantity of carbon formed on the 
substrate is dependent on the amount of carbon 
precursor retained by the substrate. The amount of 
carbon precursor retained by the substrate can be 

75 increased eg., by contacting the substrate with the 
precursor more than once and allowing the sub- 
strate to dry between contacting steps. In addition, 
the amount of precursor retained by the substrate 
can be controlled in porous substrates by simply 

20 modifying the overall porosity of the substrate (e.g., 
increasing porosity will increase the amount of pre- 
cursor retained by the substrate and in turn the 
amount of carbon formed thereon). 

The substrate and carbon precursor are then 

25 subjected to heat-treatments to cure the precursor 
and thereafter convert the precursor to continuous 
carbon (carbonize). The resulting carbon-coated 
substrate is then heat-treated to activate the carbon 
and produce an activated carbon structure. 

30 The curing is accomplished typically by heat- 
ing the coated substrate to temperatures of about 
100*C to about 200 *C for about 0.5 to about 5.0 
hours. Curing is generally performed in air at at- 
mospheric pressures. When using certain precur- 

35 sors, (e.g., furfuryl alcohol) curing can be accom- 
plished by adding an acid catalyst at room tem- 
perature. 

Carbonization is the thermal decomposition of 
the carbonaceous material, thereby eliminating low 

40 molecular weight species (e.g., carbon dioxide, wa- 
ter, etc.) and producing a fixed carbon mass and a 
rudimentary pore structure in the carbon. 

Such conversion or carbonization of the cured 
carbon precursor is accomplished typically by 

45 heating the substrate to a temperature in the range 
of about 600 - C to about 1000'C for about 1 to 
about 10 hours in a reducing or inert atmosphere 
(e.g., nitrogen, argon, etc.). 

Curing and carbonizing the carbon precursor 

so on the substrate results in a structure having a 
coating extending over the entire surface of the 
substrate in the form of a substantially uninter- 
rupted layer of carbon. This carbon coating is an- 
chored into the porosity of the substrate and as a 

56 result is highly adherent. The top surface of the 
carbon coating is an uninterrupted layer of carbon 
to carbon bonds. 
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As discussed above, if interconnecting porosity 
is present in the substrate, an interlocking network 
of carbon will be formed within the composition, 
resulting in an even more adherent carbon coating. 
The coating of uninterrupted carbon extending over 
the outer surface of the substrate formed provides 
a structure with advantages of high adsorptive ca- 
pability despite a relatively low carbon content, 
high strength, and high use temperatures. Struc- 
tures can be formed which contain carbon in an 
amount less than and up to about 50% often less 
than and up to about 30% of the total weight of the 
substrate and carbon. 

The activated carbon coating of the above- 
described activated carbon structure is highly re- 
sistant to chipping and flaking, exhibits high 
strength and is highly resistant to high tempera- 
tures in comparison with carbon coatings produced 
by dipping a substrate in a slurry of activated 
carbon and binder. In addition, these carbon-coated 
structures exhibit adsorptive capabilities higher 
than extruded carbon structures or coated sub- 
strates where the coating is made directly from 
carbon. Because of these properties, the continu- 
ous coated structures are excellent candidates for 
receiving electrically conducting means and con- 
ducting a uniform current therethrough. 

The activating is done to substantially enhance 
the volume and to enlarge the diameter of the 
micropores formed during carbonization, as well as 
to create new porosity. Activation creates a high 
surface area and in turn imparts high adsorptive 
capability to the structure. Activation is done by 
known methods such as exposing the structure to 
an oxidizing agent such as steam, carbon dioxide, 
metal chloride (e.g., zinc chloride), phosphoric acid, 
or potassium sulfide, at high temperatures (e.g., 
about 600 • C to about 1 000 • C). 

In another embodiment, the activated carbon 
coating can be applied by the conventional tech- 
nique of contacting a slurry of activated carbon 
particles and binder such as thermoplastic or ther- 
mosetting resin binder with the substrate. These 
binders can be carbonized to obtain a continuous 
carbon coating. Binders have to be in such propor- 
tion that conductivity of the carbon is not affected. 
Too much binder can coat particles of carbon and 
if binder system has high resistance to electricity, it 
can cause hot spot problems. 

The activated carbon coated structure is then 
provided with electrically conducting means to form 
the product electrically heatable activated carbon 
body. The electrically conducting means are posi- 
tioned so as to be able to conduct an electric 
current through the structure or more particularly, 
the carbon, to heat the carbon uniformly. The ac- 
tual positioning of the conducting means depends 
on the type of means and on the geometry of the 


structure and the invention is not limited to any 
specific type of conducting means or geometry as 
long as the current generates uniform heating of 
the structure without hot spots. 

s In general, the conducting means must provide 

a resistivity of at least about 0.001 ohm.cm, but 
typically at least about 0.01 ohms, and most typi- 
cally at least about 0.10 ohm.cm. For most pur- 
poses of the present application, the resistivity is 

10 between about 0.10 ohm.cm and 25 ohm.cm. 

For the purposes of the present invention re- 
sistivity of the body is defined by the formula: 


L 

20 where p is the resistivity in ohm.cm, R is the 
resistance in ohms, A is the area of a conducting 
surface in cm 2 , and L is the distance between two 
conducting surfaces in cm. 

The voltage and current requirement will vary 

25 depending on the application and the resistivity can 
be adjusted as desired according to the above 
equation. For example, if the body is to be heated 
in an oxygen containing atmosphere, such as air 
for automotive applications, the voltage and current 

30 should be such as to raise the temperature so that 
no spot in the body is higher than about 350 0 C. If 
the body is to be heated in an inert or non-reacting 
atmosphere, e.g., N 2 , the voltage and current 
should be such as to raise the temperature so that 

35 no spot in the body is higher than about 1000 ' C. 

Some especially preferred conducting materi- 
als are metals as copper, silver, aluminum, zinc, 
nickel, lead, tin and their alloys, with the preferred 
being copper because of its high conductivity 

40 which minimizes resistance, and because it is in- 
expensive. 

The conducting means is typically either in the 
form of a strip of the conducting material or elec- 
trode or a coating of conductive material on the 

45 monolith structure. In this invention, the term "con- 
ductive coating" refers to the coating which is 
applied to the activated carbon structure and is 
thereby differentiated from the carbon coating in 
carbon coated structures. 

so If an electrode is used, it can be applied by 

pressure contact e.g., a spring. Or a strip of con- 
ducting metal can be used and be attached to the 
structure by an eletrically conducting adhesive 
such as e.g., silver-containing epoxies such as E- 

55 solder #3012 and #3021 from Acme Chemicals and 
Insulation Co. 

A conductive coating is cost effective and gives 
a uniform resistance path so as to avoid hot spots. 
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One especially suitable geometry is having the 
conducting metal applied to opposing surfaces of 
the body. By opposing surfaces is meant surfaces 
that are so spaced according to the geometry of 
the body that passage of current between the con- 
ductive surfaces produces a current that heats the 
carbon uniformly. 

A preferred shape of the monolith is a hon- 
eycomb e.g., a carbon coated honeycomb from a 
carbon precursor, of rectangular shape with the 
conductive coating on two opposite faces as shown 
in Figure 1. 

In Figure 1, the product body (10) having a 
rectangular honeycomb shape is equipped with a 
conductive metal coating (12) copper on opposite 
closed sides of an activated carbon containing hon- 
eycomb (14), which can be any of the types de- 
scribed, e.g., activated carbon coated substrate or 
shaped activated carbon. Leads (40) are shown 
connecting the metal coated sides (12) with a pow- 
er supply. For measuring resistivity, the distance 
between conducting surfaces (12) is shown as L, 
and the area of a conducting surface would be the 
area of one side (12). 

Figure 2 is a horizontal cross section of the 
product body of Figure 1 which shows the conduc- 
tive coating on the sides and the honeycomb chan- 
nels or cells (16) and the cell walls (18). 

Figure 3 shows the product body in various 
honeycomb shapes (cylindrical and rectangular) 
(30). Each body is equipped with a conductive 
metal coating (32) on opposite open ends of the 
activated carbon containing honeycomb (34). Leads 
(40) are shown connecting the metal coated ends 
(32) with a power supply. Distance between con- 
ducting ends is shown as L, and the area of a 
conducting surface would be the coated area of 
one of the conductive coatings (32). 

The conductive coatings extend inside the mo- 
nolith structure and cover the cell walls down a 
portion of the length of the walls. The length cov- 
ered by the coating can vary but must be sufficient 
to distribute current uniformly across the body. 
This extension of the conductive coatings is shown 
in Figure 4 which is a horizontal cross section of 
the rectangular honeycomb of Figure 3. The con- 
ductive coating (32) is shown covering the cell 
walls (38) which separate the honeycomb cells 
(36). 

Other possible body shapes and coating con- 
figurations are rectangular faced or cylindrical 
honeycombs having the conductive coating in the 
form of stripes along the closed sides, or ringed 
around sides at the open ends, or on the open 
ends, or completely on the outside of the structure 
with another contact being made to the inside of 
the structure eg., at the center. The above are only 
illustrative and are not meant to be limiting. Such 


will depend on the nature of the application and 
factors such as e.g., cost, space, temperature, etc. 
The requirement is that a low resistance, mechani- 
cally stable system is achieved. 

s The conductive coating can be applied by any 

known suitable technique such as frit bonding, arc 
spraying, flame spraying, plasma spraying, ultra- 
sonic soldering, painting, etc. 

The invention is not limited to any specific 

10 thickness of the coating. Thickness depends on the 
nature of the coated surface and the coating metal. 
The coating must be thick enough to provide a 
good low resistance current path, and to last, that 
is be resistant to oxidation and corrosion and to 

75 have good mechanical stability. However the coat- 
ing should not be so thick as to chip or flake off or 
be prohibitively expensive. 

One especially suitable conductive coating 
technique involves first ensuring that the activated 

20 carbon coated surface is smooth. This is usually 
done by grinding the activated carbon coated sur- 
face until flat and smooth. If the surface is rough it 
is ground on a 600 grit sandpaper. The conductive 
coating is then applied over the smooth activated 

25 carbon coating. Some useful techniques for apply- 
ing the conductive coating are described below. 

One technique is by forming a coating mixture 
of copper metal powder and glass frit, with a typi- 
cal copper to frit weight ratio of about 10:1 to 2:1, 

30 and more typically about 6:1 to 2:1. For example 
some typical copper-frit compositions are 70 wt.% 
Cu and 30 wt.% frit or 84% copper and 16 frit%. 
The coating is then fired. 

Arc spraying is a suitable technique. Arc spray- 

35 ing is done by passing two metallizing wires 
through a wire feeder and an arc spray gun. Elec- 
tric current creates an arc between the wires. A 
high heat zone is created by the arc which melts 
the wires, and compressed air blows molten metal 

40 onto the substrate to be coated resulting in the 
deposition of a durable coating. 

Another technique is to provide a solder, e.g., 
of silver, nickel or other suitable conductive coating 
and to apply it by the methods described above 

45 including ultrasonic soldering. 

Some especially useful coating techniques are 
described in the illustrative examples that follow. 

In accordance with another embodiment, the 
carbon structure can be made totally of activated 

50 carbon and having porosity for passage of a work- 
stream through, with the preferred shape being a 
honeycomb as described previously. Such struc- 
tures can be made by conventional forming tech- 
niques as molding, or shaping a plasticized mixture 

56 of activated carbon particles and binders, e.g. solu- 
ble organic binders and/or resins, etc. e.g. by ex- 
trusion, and heat-treating . Some shaped activated 
carbon structures that are suited are for example, 
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described in U.S. patents 4,399,052, 5,043,310, 
4,999,330, and 4,518,704, among others, and in 
U.S. patent applications SN 08/288,198 and 
08/288.265, both applications filed April 15, 1994. 
The conducting means on these structures is the 
same as what was previously described for the 
activated carbon coated structures. 

The bodies of the present invention are suited 
for use in any of a wide variety of applications for 
which activated carbon bodies have been used in 
the past. Examples of such applications include 
residential water purification, volatile organic com- 
pound emission control, natural gas fuel storage for 
gas-powered vehicles or equipment, indoor air pu- 
rification, industrial respirators, automotive cabin air 
filters, ventless hoods, chemical separations, NO K 
and SO H control, and exhaust traps for automotive 
cold start applications. Other potential applications 
include use as ozone filters, mercury collection 
from municipal incinerators, radon adsorption, auto- 
motive gas tank or intake manifold emissions, sew- 
er pump vents, oil-air separations, or any other 
application wherein adsorption of a component or 
components from a fluid stream is desired. 

As an example of improving the quality of 
automotive cabin air, the body can be installed 
under the automobile hood near the wipers at the 
fresh air inlet to the HVAC system. A suitable body 
would be an activated carbon coated honeycomb 
having about 62 cells/cm 2 and measuring about 25 
cm x 25 cm x 4 cm thick. After a predetermined 
mileage (e.g., under 3,000 miles) or operating time 
or volumetric flow, a controller would send current 
through the body and heat it up to regeneration 
temperature long enough to release adsorbed hy- 
drocarbons. The fan would run in the reverse direc- 
tion blowing the hydrocarbons into the outside air. 

To more fully illustrate the invention, the follow- 
ing non-limiting examples are presented. All parts, 
portions, and percentages are on a weight basis 
unless otherwise stated. 

Example 1 

A honeycomb having about 62 cells/cm 2 (400 
cells/in 2 ) measuring about 14 cm (about 5.5") long 
and about 7 cm (about 2.75") in diameter, having a 
wall thickness of about .15 mm (6 mil), and having 
about 17% carbon based on the honeycomb was 
coated with phenolic resin. The resin was then 
cured at about 150"C for about 30 minutes and 
carbonized at about 900 *C for about 6 hours in 
nitrogen. The carbon was then activated in CO2 at 
about 900 *C for about 2 hours and cooled to about 
25 'C. To diagonally opposite ends of the hon- 
eycomb thin copper strips measuring about 6 mm 
wide x about 38 mm long (about 1/4" wide x 1 1/2" 
long) were cemented with a conductivity glue on 


the skin. The resistance of the honeycomb was 
about 0.73 ohms. A voltage of about 6 volts was 
applied to the honeycomb and the temperature 
inside the honeycomb was measured by a ther- 

5 mocouple. At about 6V-10amp current the ther- 
mocouple measured about 135"C at a point of 
about 2.54 cm (about 1") inside the honeycomb 
from one face. The temperature near the copper 
strip connections inside the honeycomb was about 

10 166*C. These results show that electrically heata- 
ble carbon coated honeycombs produced accord- 
ing to the present invention have sufficient resistiv- 
ity so that they can be heated to the appropriate 
temperatures. 

75 

Example 2 

The procedure of Example 1 was repeated but 
at about 15 amp current. The temperature at the 

20 center, approximately 5.1 cm (about 2") inside the 
honeycomb, reached about 240 °C in about 3.5 
minutes. The polymer conductivity glue holding the 
copper strips started to burn so the experiment 
was discontinued. The voltage was about 8.4 volts 

25 at about 1 5 amps. 

The following examples illustrate control of car- 
bon coating percent which in turn controls the 
electrical resistance of the honeycomb and con- 
sequently it's heating behavior. The examples also 

30 illustrate various procedures for applying perma- 
nent and durable metal contacts as opposed to the 
mechanical contacts in Examples 1 and 2. 

Example 3 

35 

A honeycomb with 31 cells/cm 2 (200 cells/in 2 ), 
coated with activated carbon by the same proce- 
dure as described in Example 1, and having about 
4% carbon, was cut to 324 mm 2 cross section and 

40 25 mm length. The two opposing sides of the 
honeycomb were ground flat and painted with con- 
ductive silver paint (slurry of silver particles in a 
paint/glue solution) obtained from E.I. Dupont Co, 
Wilmington, Del. The sample was then heated in 

45 nitrogen atmosphere to 300 • C for half an hour to 
sinter the silver into a continuous layer to give a 
coated body as shown in Figure 1. The resistance 
of this sample measured by point contact before 
the silver coating was 62.9 ohms. After the coating 

50 the point contact measured resistance was 7.2 
ohms indicating that the magnitude of contact re- 
sistance is very high and has to be minimized by a 
high conductivity coating. 

A 3 volt potential was applied across this coat- 

65 ed sample. The temperature levelled off at 70 • C in 
250 seconds and was uniform across the sample. 
The resistivity was about 1 8 ohm. cm. 


7 


13 


EP 0 684 071 A2 


14 


Example 4 

A carbon coated honeycomb similar to the one 
in Example 3 was prepared except that the sides 
were not ground flat. Such a sample has a rough 
surface because of the cell walls on the surface. 
When an attempt was made to apply potential 
across the sample, sparking occurred. The experi- 
ment was discontinued. This example illustrates 
that uniform good contact across the surface is 
necessary to heat the samples electrically. 

Example 5 

A carbon coated honeycomb similar to that in 
Example 3, and having 8.9% carbon was coated 
with silver paint as in Example 3. The resistance 
measured was 2.8 ohms. When a 3 volt potential 
was applied across the honeycomb the honeycomb 
heated up to 135 *C in 250 seconds and the tem- 
perature stabilized. An increase in the amount of 
carbon decreased the resistance and increased the 
temperature compared to the honeycomb in Exam- 
ple 3. The resistivity of this sample was about 7 
ohm.cm. 

Example 6 

A carbon coated honeycomb similar to that in 
Example 3, and having 18% carbon coating when 
treated similar to Example 3 had a resistance of 0.6 
ohms and on applying 3 volt potential heated up to 
220 • C in 90 seconds. The resistivity of this sample 
was about 1.5 ohm.cm. 

Example 7 

A honeycomb with about 62 cells/cm 2 (400 
cells/in 2 ) coated with carbon as in Example 1 and 
having about 12.5% carbon was coated with silver 
paint in the same manner as the sample of Exam- 
ple 3. A 3 volt potential difference was applied 
across the honeycomb. The sample heated up to 
190*C and stabilized at that temperature in 275 
seconds. The resistivity of this sample was about 
3.25 ohm.cm. 

Silver paint applied to minimize contact resis- 
tance was not very durable but can be made 
durable if the temperature of the paint/glue base 
was rated for the high temperature in the contact 
area. 

Higher durability contacts were produced by 
two methods which are described in Examples 8- 
11. 

The first method utilized arc spray method. 
The second involved a frit bonding method. 


Example 8 

A carbon coated honeycomb similar to that in 
Example 3, and having about 16.8% carbon with 

5 the same dimensions as in Example 3 was coated 
with copper on two opposite faces by the arc spray 
technique. The copper coating was very uniform in 
thickness and strongly adhered to the surface. The 
resistance of the honeycomb as measured with a 

10 point contact before coating was 5.8 ohms. After 
the coating, the point contact resistance was 0.5 
ohms. The honeycomb heated up to 230 *C in 90 
seconds with 3 volt potential. The resistivity of the 
sample was about 1.25 ohm.cm. 

75 

Example 9 

A honeycomb substrate identical to that in Ex- 
ample 4 was coated with aluminum by arc spraying 
20 and attained a temperature of 200 "C in 120 sec- 
onds. 

Example 10 

25 A honeycomb identical to that in Example 5 

was coated with nickel by arc spraying. With 3 volt 
potential difference the sample heated up to 225 *C 
in 90 seconds. 

30 Example 1 1 

Honeycombs with about 62 cells/cm 2 (400 
cells/in 2 ) coated with activated carbon as in Exam- 
ple 1 and having about 14.9% carbon as a coating 

35 were coated with a mixture of fine copper powder 
and glass binder from Ferro. The copper powder 
from U.S. Bronz Powders Inc. was mixed with 
EG2798 frit from Ferro in two compositions: (1) 
16% frit-84% copper, and (2) 23% frit and 77% 

40 copper. The two compositions were each mixed 
with a polymeric binder polyacetylene carbonate 
from Air Products Corp and painted onto the ac- 
tivated carbon coated honeycombs. The 
honeycombs were then fired in nitrogen to remove 

45 the binder and sinter the frit at 550 *C for 30 
minutes. The fired samples had a strongly adhered 
coating of copper and frit. 

At an applied voltage of 3 volts the 
honeycombs coated with compositions (1) and (2) 

so heated up to 200 *C in 120 seconds and 225 
seconds respectively. 

This example shows that heat-up temperature 
and heating rate can be controlled by changing the 
frit to metal ratio. 

55 


8 


15 EP 0 684 071 A2 16 


Claims 

1. A body comprising 

a non-metallic monolithic structure com- 
prising activated carbon and having means for 
passage of a workstream therethrough; and 

conducting means on the structure for 
conducting an electric current therethrough. 

2. A body of claim 1 wherein the monolithic 
structure is in the form of a honeycomb. 

3. A body of claim 1 wherein the conducting 
means is an electrically conducting coating of 
metal on two opposing surfaces of the struc- 
ture. 


6. A body of claim 1 wherein the monolithic 
structure comprising activated carbon is in the 
form of a shaped structure of activated carbon. 

7. A body of claim 1 wherein the monolithic 
structure comprising activated carbon is in the 
form of a coating of activated carbon on a non- 
electrically conducting inorganic substrate, op- 
tionally as a continuous uninterrupted layer of 
carbon. 

8. A body of any one of claims 1-9, wherein the 
substrate is cordierite. 

9. A body of any one of claims 1-8, wherein the 
substrate is in the form of a honeycomb. 

10. A method of making an electrically heatable 
activated carbon body, said method compris- 
ing: 

a) providing a non-metallic monolithic struc- 
ture comprising activated carbon, and hav- 
ing means for passage of a workstream 
therethrough; and 

b) providing electrically conducting means 
on the structure for conducting an electric 
current therethrough. 


11. A method of claim 10 wherein the monolithic 
structure is provided by: 

a) providing a non-electrical ly conducting 
inorganic substrate; and 
s b) providing a coating of activated carbon 

on the substrate. 

12. A method of claim 11 wherein the inorganic 
substrate is made of material selected from the 

10 group consisting of ceramic, glass ceramic, 

glass, and combinations thereof. 

13. A method of claim 10, 11 or 12 wherein said 
material is cordierite, or another ceramic ma- 
rs terial. 

14. A method of claim 10, 11, 12 or 13 wherein the 
inorganic substrate is provided as a honey- 
comb structure. 

15. A method of claim 10, 11, 12, 13 or 14 wherein 
the activated carbon coating is provided by 

a) contacting the inorganic substrate with a 
carbon precursor; 

b) curing the carbon precursor; 

c) carbonizing the cured carbon precursor 
to form a uniform coating of carbon on the 
substrate; and 

d) activating the carbon. 

30 

16. A method of claim 15 wherein the carbon 
precursor is a thermosetting resin. 

17. A method of claim 15 or 16 wherein the sub- 
35 strate is a ceramic honeycomb, the electrically 

conducting means is provided by applying an 
electrically conducting coating of a metal on 
two opposing surfaces of the honeycomb, the 
metal being selected from the group consisting 
40 of copper, aluminum, silver, zinc, nickel, lead, 
tin, and alloys thereof, and the metal coating is 
provided at a thickness sufficient to result in a 
resistivity selected from at least about .001 
ohm. cm, or at least about 0.10 ohm. cm. 

45 

18. A method of claim 17 wherein the ceramic is 
cordierite and/or the metal coating is copper. 

19. Use of the body of any one of claims 1-9 in a 
so method for desorbing adsorbed species from 

said body, the method comprising: 

a) providing an electrically heatable acti- 
vated carbon body having adsorbed spe- 
cies, wherein the activated carbon body 
65 comprises a monolithic activated carbon 

structure having means for passage of a 
workstream therethrough, and conducting 
means on the structure for conducting an 


4. A body of claim 3 wherein the metal coating is 
selected from the group consisting of copper, 
aluminum, silver, zinc, nickel, lead, tin, and 20 
alloys thereof. 

5. A body of claim 4 wherein the metal coating 
has a thickness selected from the group of a 
thickness sufficient to result in a resistivity of 25 
at least about 0.001 ohm.cm, a thickness to 
result in a resistivity of at least about 0.01 
ohm.cm, a thickness to result in a resistivity of 
at least about 0.10 ohm.cm. 
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electric current therethrough; and 
b) passing an electric current through the 
structure to raise the temperature thereof 
above the desorption temperature of the 
adsorbed species whereby the adsorbed s 
species desorb and pass out of the struc- 
ture. 

20. Method of claim 18 wherein the activated car- 
bon coating is provided by io 

a) contacting the substrate with a carbon 
precursor; 

b) curing the carbon precursor; 

c) carbonizing the cured carbon precursor 

to form a uniform coating of carbon on the 75 
substrate; and 

d) activating the carbon. 

21. Method of claim 20 wherein the carbon precur- 
sor is a thermosetting resin. 20 
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